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INTRODUCTION 
Cortisone alters the normal physiological and biochemical activities of many 
tissues (1-4)  and of special interest has been its effect on protein metabolism. 
Clark (5) reported that cortisone has both an "anti-anabolic" and "anabolic" 
effect upon protein metabolism.  Caspersson (6) has linked nucleic acid metabo- 
lism with the synthesis of protein and it seemed possible,  therefore,  that a 
study of the effects of cortisone upon nucleic acid metabolism might contribute 
knowledge toward understanding the relationship between cortisone and protein 
metabolism. 
Lowe and Williams  (7, 8)  and others (9,  10) by use of both chemical and 
histochemical  techniques demonstrated in  rats  and  rabbits  a  radical alter- 
ation of the ribonucleic acid content of hepatocytes following cortisone treat- 
ment. Other workers have shown alterations of protein content and an increase 
in the RNA/DNA ratio of various tissues following cortisone  administration 
(11, 12). The present paper presents a detailed study of the effects of cortisone 
on the chemical  composition  of rat liver,  with particular attention to alter- 
ations in distribution and chemical state of the RNA within the cell. Chemical 
analyses of particulates were performed  after cell disruption and differential 
centrifugafion, and  nucleic  acid  synthesis was  examined  by means  of  p3, 
tracer studies. 
It was found that following cortisone administration when the usual method 
of obtaining RNA was applied  to the mitochondria, the RNA was no longer 
reprecipitable  by trichloracetic acid  (TCA)  after prior ethanol precipitation 
at 20°C. Under these conditions the polymerized RNA of the microsomes was 
reduced though not absent. A substance corresponding  in properties  to RNA 
was,  however,  obtained  from mitochondria and  microsomes  when  ethanol 
precipitation was conducted at 4°C. rather than 20°C. Furthermore, incuba- 
* Supported in part by grants from the National Institutes of Health, United States Public 
Health  Service,  C-1693 (C3);  the  Atomic  Energy  Commission, AT(30-1)1326;  and  the 
American Cancer Society, Inc., No. INSTR-76. 
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tion of mixtures of normal and cortisone-treated rat liver homogenates resulted 
in  the loss of  "warm-precipitable"  RNA  from normal  liver.  These  data  indi- 
cated  that  cortisone  treatment  was  able  to  affect  the  structure  of RNA  and 
suggested  the presence  of an  enzyme in  the  cortisone-treated  rat  liver which 
caused  this  alteration.  The  new  RNA  was  found  to  have  a  different  rate  of 
incorporation of ps, from that  of normal RNA. 
Materials and Methods 
Animals.--Male rats  of the Wistar  strain,  1 weighing from  100  to  120 gin., were fed ad 
libitum on a lablox R  diet? All animals were fasted for 24 hours before removal of liver for 
study; to avoid alteration due to diurnal variations in metabolism all animals were killed be- 
tween 9.00 and 10.00 a.m. One group of rats received cortisone acetate  3 by intramuscular in- 
jection, 25 reg./day for 5  days  (cortisone animals).  4 Control animals received no injections 
(normal animals). A  third  group of animals received cortisone in the usual way but  these 
animals were not killed until 8 days after the fifth dose of cortisone. In one group of experi- 
ments (Table V) animals received cortisone for from 1 to 5 days. 
Cdlular Disrupgon.--At the time of sacrifice,  the animals were lightly anesthetized with 
ether, the hepatic vein was severed, and the liver excised. The livers were rinsed in the suspend- 
ing medium, blotted dry, and placed in an iced steel meat press.  The expressed  liver pulp was 
then rapidly weighed on a  chilled watch glass and transferred  to an iced Potter-Elvehjem 
type, plastic plug homogenizer. A 10 per cent homogenate was prepared in 0.25 M sucrose. 
The centrifugal scheme usedwas in general the one  described by Barnum and Huseby (13,14) 
and resulted in the preparation of five fractions; namely, nuclei, mitochondria, microsomes, 
ultracentrifugable,  and  non-sedimentable.  The  mitochondrial pellet was washed  twice and 
the first  supernatant  pooled with  the supernatant  remaining after sedimentation  of mito- 
chondria.  The fractionations were performed in a  Servall angle centrifuge, an International 
refrigerated centrifuge and a  Spinco model I, ultracentrifuge.  Pertinent data on centrifugal 
conditions are summarized below. 
Centrifugal Conditions 
Abbreviation  Fraction  Gravity  Time 
Nuc* 
Mit 
Mi 
U 
S 
Nuclei 
Mitochondria 
Microsomes 
Ultracentrifugable 
Non-sedimentable 
1,400 
24,000 
24,000 
110,000 
4 
10 
90 
9O 
Supernatant from U 
* The nuclear fraction represents all material sedimented at  1400  G and hence included 
some mitochondria, unbroken cells,  cell membrane from disrupted  cells,  and nuclei. No at- 
tempt was made at further purification. 
x Carworth Farms, Inc., New City, N. Y. 
Allied Mills, Peoria. 
Made available through  the courtesy of Dr. Frederick K. Heath,  Merck  & Company, 
Inc., Rahway, N. J. 
4 To avoid the awkward phrase "liver from rats  treated with cortisone," in the text, this 
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These same abbreviations will be used throughout the text as well as in charts and tables. 
Other abbreviations are listed below.  5 
Chemical Analyses.- 
Glycogen: To  1 ml. of brei were added  1 ml. of concentrated HC1  and 8 ml. of  distilled 
water and the mixture was kept in a boiling water bath for 10 minutes.  This treatment pre- 
cipitated most of the protein and hydrolyzed the glycogen. After centrlfugation  i the residue 
was discarded  and  the supematant neutralized and then analyzed for carbohydrate by  the 
Nelson modification of the Somogyi technique (15,  16). 
Nucleic Acids. The total nucleic acid content of brei or fractions was extracted with hot 
TCA by the method of Schneider (17). The TCA extract was analyzed for ribose as described 
by Brown (18)  and deoxyribose by the diphenylamine reaction (13,  19). 
"Polymerized"  RNA was obtained by  the  method  of  Barnum  and Huseby  (20).  Nu- 
cleic acid was extracted for 30  minutes at  100°C.  in 10  per cent sodium chloride solution. 
The  sodium nucleates in the clear supernatant were  then precipitated with 2  volumes of 
ethanol, and the mixture was allowed to stand for 12 hours at 20°C.  The nucleates were then 
redissolved in HiO, precipitated by 1/3 volume of iced 20 per cent TCA, and this precipitate 
treated according to the Schneider method. Ribose analysis was performed on the TCA ex- 
tract resulting from the Schneider procedure. This technique is referred to hereafter as the 
"warm" process. Another procedure was also used to prepare polymerized RNA. This is called 
the "cold" procedure and differs from the "warm" procedure only in that sodium nucleates 
were precipitated by alcohol at 4°C. for 12 hours rather than at 20°C. 
Phosphorus. Inorganic phosphorus was precipitated as the Mg salt,  (MgNH4PO4.6H~O) 
(21). Any material to be analyzed for phosphorus was wet ashed with sulfuric acid on a sand 
bath. Oxidation was completed with concentrated nitric acid and phosphorus was  estimated 
by the colorimetric method of Fiske and SubbaRow (22). All preparations analyzed for RNA 
were alsoanalyzed for pe and unless these values agreed within 5 per cent, assuming a statistical 
tetranucleotide, the data were discarded. This occurred infrequently. 
Nitrogen. Aliquots of whole liver and portions of rehomogenized pellets were suitably di- 
luted for wet ashing. Nitrogen was determined by the Kjeldahl method using the micro modi- 
fication of Pregl with the borate buffer described by Ma and Zuazaga (23). 
IncubaZion Experiments.--Normal  liver, cortisone liver, and a mixture of equal volume,J of 
both were incubated as 10 per cent homogenates in 0.25 ~  sucrose at 37°C. for 30 minutes. 
The homogenates were then fractionated by centrlfugation and analyzed in the usual way. 
Ultraviolet Absorption Studies.--Total  and  mitochondrial RNA  were  isolated  from  the 
liver of normal and cortisone-treated animals by extraction with i0 per cent NaC1 at 100°C. 
The sodium nucleates from one portion of each preparation were precipitated in the usual 
manner with alcohol at 20°C. The sodium nucleates from the other portion were precipitated 
in a  similar way except that the precipitation was performed at 4°C. The nucleic acids were 
purified as usual and solubllized by hot acid except that 0.9 N perchloric acid (PCA) replaced 
TCA.  All  supernatants and  residues were  saved.  Four  fractions resulted:  (a)  the alcohol 
supernatants;  (b)  the cold PCA supernatants;  (c)  the supernatants from the treatment of 
water-insoluble material with hot PCA; (d) the supernatants resulting from the treatment of 
6 RNA,  ribonucleic acid, measured and recorded as ribose. Ribose X  2.14  =  RNA. 
DNA,  deoxyribonucleic  acid,  measured  and  recorded  as  deoxyribose.  Deoxyribose  X 
2.30 =  DNA. 
All values in tables represent means and standard errors of the mean per gram of wet liver 
unless otherwise indicated. 
No. of exp., number of animals used to derive mean, one animal per experiment. 
6 Data contained in Tables V and VII were analyzed only for ribose. 334  ALTERATIONS INDUCED IN  LIVER  BY  CORTISONE 
cold PCA-insoluble material (RNA) with hot PCA. When these supematants had been ap- 
propriately diluted, spectral absorption was read at 265 m/z. 
Tracer Te~hniques.--P  32,  suitably diluted, was  injected intraperitone~liy  ~ into normal 
animals and those that had received cortisone for 5 days. The rats were killed in the usual 
fashion  1 hour after injection and appropriate fractions were obtained. In those experiments 
designed to obtain the time curve for uptake of inorganic P, animals were killed at selected 
intervals after injection  s of p32. Counting  was performed  by the use of a  dipping tube; P 
analyses and counting  were done on portions of the same preparation. An aliquot was ob- 
tained for ribose analysis prior to ashing, and unless the values for ribose and P agreed within 
5 per cent, assuming a statistical tetranucleotide, the data were discarded.  Counts were re- 
corded as relative specific activity (RSA): 
Counts/min./#g. P 
'l ~  1~ 
Counts/min.//~g.  inorganic P 
i 
EXPERr~ENTAL  m~sm~rs 
Animals that received cortisone lost body weight while liver weight increased 
as much  as 50 per cent.  The  increase in liver weight was not due  to edema, 
since the  per cent dry weight  of the  livers did not  decrease  significantly. A 
large part of the increase in weight was due to the accumulation of glycogen. 
Also noted was a  fall in the concentration of total RNA. The values for RNA 
returned  to normal 8  days after discontinuation of cortisone, indicating that 
cell death had not resulted from cortisone administration. These observations 
are recorded in Table I. 
Nitrogen  determination  provided  an  index  of  the  size  of  the  fraction  or 
pellet.  Total  nitrogen  rather  than  protein  nitrogen  was  measured  since  it 
seemed possible that cortisone might have altered protein structure sufficiently 
to  make  the  distinction  between  simple  proteins  and  complex polypeptides 
vague. Purine and pyrimidine N  were also analyzed by this technique but ex- 
cept in  the  Mi  fraction  contributed but  a  small amount  to  the  total N.  As 
can be seen  in Table  II,  there  was  an  appreciable fall in  the  concentration 
of nitrogenous compounds in all fractions but the fall was greatest in Mi. 
The  proteins associated with  RNA  are associated with lipide-bound phos- 
phorus  (24). Table III summarizes observations on variations in lipide P  and 
indicates  that  following cortisone  administration  a  fall in  concentration  oc- 
curred in all fractions except U. 
Polymerized RNA in the various cellular particulates was changed in amount 
by cortisone administration as recorded in Table IV. It was absent from the 
Mit and at the same time decreased significantly in the Mi and U  fractions? 
0.4/ze./gm. body weight. 
s In these experiments, homogenization was performed in 0.85 per cent W/V NaC1 solution 
made to pH 7 with 0.1 N NaOH and a 10 per cent suspension prepared. 
9 The use of slightly alkaline 0.85 per cent saline as a suspending medium for differential 
centrifugation studies of normal liver and the liver from cortisone-treated  animals gave results 
similar in many respects to those observed with sucrose. The single exception was the U frac- CHARLES  UPTON  LOWE  AND  ROY'DEN  N.  RAND  335 
The relation between duration of cortisone  administration and changes in 
polymerized RNA was next examined.  As can be seen in Table V, the RNA 
Effect of Cort~one on Wei 
Type of experiment 
Normal. 
No. of exp.. 
Cortisone. 
No. of exp  .... 
Recovery § 
No. of exp  ....... 
Whole body 
IChange in weight 
gm. 
-18.4  -4-  2.6 
(25) 
I 
TABLE  1 
ht and Carbohydrate Content of Rat Liver 
Liver 
Per cent 
dry weight 
28.8  4-  0.01 
(5) 
30.5  --t- 0.03 
(10) 
CHO* 
reg.~gin. 
5.35  4-  0.4 
(10) 
56.0  4-  5.8 
(13) 
5.8  4.  0.7 
(5) 
Totals 
RNA-ribose 
~g.lgm. 
t409 -4-  75 
(21) 
3449  4-  87 
(15) 
~786  4-  226 
(5) 
Weight of liver 
4.40  4-  0.13 
(12) 
6.37  .4-  0.22 
(11) 
* Total reducing carbohydrate. 
Hot TCA-extractable (total)  RNA. 
§ Animals killed 8  days after last dose of cortisone. 
TABLE  II 
Effect of Cortisone on Nitrogen  Content  of Rat Liver 
Type of 
experiment 
Normal ........ 
No. of exp  .... 
Per cent of sum 
of fractions. 
Cortisone ....... 
No. of exp  .... 
Per cent of sum 
of fractions. 
Nitrogen 
Whole cell  Mit  Mi  U 
rag,/gin,  reg.~gin,  mg./gm,  reg.~gin. 
7.9"0 4- 0.7815.93 q- 0.1615.17 4- 0.1511.81 4- O. 
(s)  (23)  (8)  (8) 
,8,  1(,2,  / 
14.0  7.9  4.7 
mg./gm. 
15.7 ±  0.6g 
(s) 
39.3 
t4.53  4-  0.5~ 
(3) 
45.0 
Nuc  frac-  re- 
tions  cov- 
~./,~.  ,~;/!  °~ 
1.39  ±  0.4640.0  i  106 
(s)  I 
28.5 
of Mit had fallen to zero by the 2nd day, while that of Mi fell slowly but con- 
stantly, not reaching its lowest level until the 5th day. The U fraction behaved 
fion,  which doubled following cortisone administration.  This has previously been reported 
(8). It was possible to conclude from a  cortisone time study and analysis of P~ tracer studies 
that  the increase in U  was an artifact,  the result of aberrant sedimentation of microsomes 
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in an  unexpected  fashion, for on'the 2nd day it fell abruptly; then it rose 
to ~  of the normal value and remained at that level through the 5th day. 
Because of these changes noted in polymerized RNA, it seemed important 
to  determine whether  the  total  TCA-extractable  RNA  was  also  affected. 
It may be observed in Table VI that this constituent fell in all fractions. The 
TABLE  III 
Effect of Cortisone on LCpide Phosphorus of Rat Liver  Cell Particulates 
Lipide P 
Type of experiment  Sum 
Whole ceil  Mit  Mi  U  S  Nuc  for_.__ 
tions 
.g./gm.  pg./gm.  ~g./gm.  ~g./gm.  .ttg./gra.  t~g./gra.  ~/ 
Normal  .................  t163  ±  so  Izn  ±  24  1339 ±  38  Is6  4-  2.0  [21  ±  3.s  139~ a-  ~4  [  lO61 
No. of exp .............  (3)  (4)  (4)  (4)  (4)  (4)  I 
Per cent of sum of frac- 
Cort~one ..............  69s  ±  20.81129  ±  12.~1170  4-  s.631~  ±  s.~/17  ±  1.411~20  ±  14.01  ~0 
PerN°'  cent°f  eXPof  ............  sum of frac-  (8)  (8)  (12)  (8)  (8)  (D 
tio~s ...............  I  19.0  I  2s.o  I  6"4~/  2.so  I  47.1  I 
Per 
coY- 
ely 
91 
97.8 
TABLE  IV 
Effect of Cortisone on Polymerized RNA  Content of Rat Liver 
Alcohol precipitation,  20°C. 
Type of experiment 
Normal ............... 
No. of exp  ........... 
Cortisone ............. 
No. of exp  ........... 
Mit 
m.!gm. 
558  -4-  29 
(26) 
0 
(22) 
Mi 
#g./gm. 
1357  :::1:50 
(22) 
606  -4-  16 
(26) 
RNA rlbose 
u 
#g./gm. 
609  -4-  45 
(22) 
438  ±  16 
(26) 
#g./g~. 
173  -4-  23 
(18) 
179  -4-  15 
(22) 
Nue 
m./gm. 
528  .4-  58 
(8) 
327  -4-  30 
(12) 
per cent polymerized RNA fell from 79 per cent to 32 per cent in the whole 
cell; in the Mit, Mi, and S fractions it also fell significantly, the degree varying 
with the fraction. In the U fraction, however, the per cent polymerized RNA 
was unchanged. 
These data suggested  that a  factor might be  present  in cortisone  livers 
which affects the polymerization of RNA. Experiments were designed to test 
this hypothesis, and the effects of incubation of homogenates of liver on yield 
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TABLE  V 
Cytoplasmic Composition As Affected by Duration of Cortisone Administration 
Alcohol precipitation, 20°C. 
Length of cortisone administration 
days 
0 
No. of exp  ................ 
Mit 
RNA ribose 
U 
pg./gm. 
50  6O9  -4.  45 
(22) 
79  297  -4.  4O 
(8) 
49  461  -4.49 
(8) 
42  424  -4-  22 
(12) 
43  452  -4.  28 
(s) 
16  438  -4-  16 
(26) 
No. of exp  ................ 
2 
No. of exp  ................ 
3 
No. of exp  ................ 
4 
No. of exp  ................ 
5 
No. of exp  ................ 
pg./gm. 
558  4-  29 
Mi 
~g./gn$. 
1357  .4- 
(26) 
514  -4.  52 
(7) 
O* 
(s) 
0 
(12) 
0 
(8) 
0 
(22) 
(22) 
1110  -4. 
(s) 
992  ± 
(8) 
789  -4- 
(12) 
641  ± 
(7) 
6O6  -4. 
(26) 
* One value was 193, the rest O. 
TABLE  VI 
Effect of Cortisone on Amount of Polymerized RNA in Liwr Particulates* 
Alcohol precipitation, 20°C. 
Type of experiment 
Normal 
TCA-ext,$ .............. 
Polym.¶ ................ 
Per cent polym. RNA... 
Cortisone 
TCA-ext.$  ............... 
Polym.¶ ................ 
Per cent polym. KNA.., 
Whole ~  ell 
ug./gn .. 
t220§  4.  86 
3330 4.  117 
79 
3090  4.  151 
993324. 83 
RNA ribose 
Mit  Mi  U 
pg./gm.  ~g.lgm.  pg./gm. 
908  4.  26 1880 4.4- 5~  765  -4- 60 
727  -u 31 1410 -4- 63 511  -4- 62 
80  75  80 
65 272  44  614  4.4- 53  943  A:  4- 
345~.  21  4264~t: 71 240 884. 39 
~,g./gm. 
336§, 14.  15 
228  4.  30 
68 
288** -4- 8.2 
116§ -4- 35 
40 
Nuc 
pg./g~ 
M6 4. 
528 -4- 
65 
595  -4- 
278 -4- 
47 
tions 
t.  .g./gm. 
72  4705 
3~  3504 
30  2712 
26  1094 
Per 
cent 
covery 
111 
104 
88 
110 
* Average of 8 experiments. 
Hot TCA-extractable (total) RNA. 
¶  Polymerized RNA. 
§ Average of 4 experiments. 
l] Results taken from a  separate series of experiments. 
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TABLE  VII 
Effect  of Incubation of Liver Homogenates on Amount of Polymerized  RNA * 
Alcohol precipitation, 20°C. 
Source of Material 
~ormal.  , 
2ortisone. 
~ixture of equal parts normal 
and cortisone homogenate... 
theoretical value for mixture§. 
Per  cent  of  theoretical value 
observed.... .... 
DNA~ 
t~g./ 
gm. 
797 
514 
650 
655 
99.2 
RNA ribose 
Whole cell 
T 
~g./gm. 
4530 
3313 
3848 
3921 
98.1 
P 
t*g./gm. 
3265 
0 
69 
1632 
4.22 
Mit 
T  P 
vg./ 
g~4. 
659 
228 
T 
677 
0 
225 
339 
66.4 
U 
656 
445 
147 
MI 
"g'/  ,g./gr,~.  g~. 
507  1262 
0  644 
39  889 
254  953 
15  93.3 
T  [  P 
,~g./gm.  ~'/ 
1109  831 
641  0 
798  48 
875  416 
91.2  11.5 
* Liver homogenate incubated at 37°C. for 30 minutes. 
Deoxyribonucleic acid, determined as deoxyribose. 
§ Theoretical =  average of normal and cortisone value. 
T  --- hot TCA-extractable (total) RNA. 
P  =  polymerized RNA. 
TABLE  VIII 
Effect  of Cortisone  on  Amount  of Polymerized  RNA  in  Liver Particulates 
Alcohol precipitation, 4°C. 
Type of experiment 
Whole cell 
.ug./gm. 
Normal 
TCA-ext.* .................  4261  -4-  12~ 
Polym.~  ...................  ]2642 -4-  16( 
Per cent polym. RNA .....  62 
No. of exp  .................  (12) 
Cortisone 
TCA-ext.*  .................  3412 4- 22~ 
Polym.~  ...................  2697 -4- 104 
Per cent  polym. RNA  .....  79 
No. of exp  .................  (7) 
RNA ribose 
Mit 
g./gm. 
34-1 
7-4-7 
55 
(11) 
l:k3 
74 
(7) 
Mi 
~g./gm. 
880  :k  14 
1257~  7 
(12) 
021  -4-  65 
805  .4-  71 
78 
(7) 
U  S 
~g./gra.  I~g./g~ 
466  4-  7  413 -4- 
221  -4-  8  62  -4- 
45  15 
(12)  (12) 
365  -4- 35 360 4- 
254 -4- 35  36  4- 
70  9.7 
(7)  (7) 
Nuc 
~g./gm. 
900  -4-  1~ 
4845~= 1) 
(8) 
11077 4-  7~ 
839  -4-. 49 
78 
(8)§ 
;urn of 
frac- 
tions 
g./gm. 
4093 
2292 
3379 
2345 
Per 
cent re- 
covery 
96 
87 
99 
87 
* Hot TCA-extractable (total) RNA. 
~: Polymerlzed RNA. 
From a different series of experiments. 
experiment  are  recorded  in Table  VII.  Preincubation  values  can be obtained 
for comparison from Table VL The normal liver was unchanged by incubation 
in  so  far  as  content  of  polymerized  RNA  was  concerned.  However,  in  the CHARLES UPTON LOWE AND  ROYDEN N.  RAND  339 
cortisone liver the value for  polymerized RNA fell to zero in all fractions after in- 
cubation; this same  preparation, when mixed with normal liver,  caused  a 
striking reduction in polymerized  RNA. In the mixture of homogenates,  the 
TABLE IX 
Recovery of  Ultraviolet-Absorbing Material  from  Rat  Liver* 
Total 
Warm 
Fraction 
N 
C 
Cold  N 
C 
N 
C 
MIT 
Warm 
Cold  N 
C 
MI 
Warm  N 
C 
Cold  N 
C 
Alc.-sol.§ 
2.65~ 
2.900 
2.56~ 
2.680 
1.o7~t~ 
O. 990 
1.14~t 
0.833 
B 
0.403 
m 
0.274 
H20 pelletl[ 
0.361 
0.186 
0.0 
0.206 
0 
0.207 
m 
0 
m 
0 
Optical  density  units~ 
Cold H + 
supernat .¶ 
o.2o4t~ 
2.02 
0.578 
0.546 
0.467 
4.350 
0.478 
0.367 
3.140 
m 
0.620 
Hot  H ÷  Sum 
supernat.** 
s 1200 
5.900  7.970 
4.120 
2.680  5.434 
3.990 
0.075  5. i45 
3.930 
3.440  4.847 
3.630  7.200 
6.190  7.084 
* Data from  1 normal  and 1 cortisone-treated  animal.  Alcohol supernatants  read  at pH 
7; all others at pH of approximately  1. N  =  normal.  C =  cortisone. 
Optical  density  at 255 m/~; all values corrected  to same relative concentration  of liver 
for purpose of tabulation. 
§ Alcohol supernatant. 
[[ Water-insoluble pellet. 
¶  Cold HC104 supernataut. 
** Hot HC10 4 supernatant. 
~  From a different series of experiments. 
recovery  of  total  hot  TCA-soluble  RNA  and  DNA  approached  100  per 
cent.  10 
Tab]e VIII summarizes the data from experiments in which nucleates were 
precipitated from ethanol  at 4°C.  rather  than  20°C.  Results show  that with 
10 Incubation of homogenates  of normal  hver to which cortisone acetate (25 mg./gm, of 
liver) had been added resulted in no change in yields of polymerized ILNA. 340  ALTERATIONS INDUCED IN  LIVER BY  CORTISONE 
the cold method, in contrast to the warm method, the cortisone livers yielded 
an equal  or increased percentage  of polymerized RNA  when  compared with 
the normal,  u  These data suggested that the RNA from cortisone liver had been 
altered in vivo in so far as solubility was concerned; alternatively, these data 
might be interpreted to mean  that an enzymic reaction had occurred at 20°C 
in the alcoholic solution used for initial precipitation from 10 per cent NaC1. 
Absorption  spectra  of  fractions  obtained  at  various  stages  in  the  prepa- 
ration of RNA were found useful in reconciling the discrepancy between the 
TABLE X 
Effect of Cortisone on Composition of Whole Rat Liver 
RNA*,$ 
Hot TCA- 
soluble. 
RNA*, $ 
Polym. (warm) 
RNA* 
Polym. (cold).. 
Nitrogen...  " 
Lipide phospho- 
rus. 
M_g./liver 
Whole celt  Mit  Mi  U  S  Nuc 
N 
i8.6 
14.6 
11.6 
166 
5.12 
C 
19.7 
i 
i 6.32 
17.2 
184 
i4.~ 
NiC 
4.0C  3.91 
! 
3.2 ! o.o 
I 
1.79  2.62 
26.1  128.9 
1 
i 
1.92  0.82 
N  C 
8.27  6.11 
6.20  2.71 
i 
1  4.95  5.  3 
22.8  16.3 
1.49  1.0~ 
lq[C 
3.37 1.73 
2.68 1.53 
C).93 1.62 
7.96 9.68 
~).16 ).28 
N  C 
1.48  1.83 
1.00  0.74 
0.28  0.22 
69.1  92.6 
0.09  0.11 
Nit 
3.5~  3.7~ 
2.32  1.7~ 
2.13  5.3  ~] 
52.5  58.0 
1.73  2.0~ 
* RNA: measured and recorded as ribose. N  =  normal. C =  cortisone. 
Calculated from Table VI. 
results obtained by the warm and cold processes. Data  from a  typical experi- 
ment are contained in Table IX. It was noted in cortisone animals that UV-ab- 
sorbing material was  obtained in  the alcoholic supernatants  and  the  amount 
was similar with  the hot  and  cold methods.  However,  the  acid supernatants 
showed striking differences between  the  two methods.  The  cold PCA  super- 
natant  contained  considerably  more  ultraviolet-absorbing  substance  when 
obtained  from  material processed by  the  warm  method  than  from  fractions 
processed by the  cold method.  The  reverse was  true  for  the hot acid super- 
natant.  In  contrast,  in  normal  animals  a  constant  fraction  of  the  material 
11 There is no evidence that in the normal animal the warm and cold methods yielded dif- 
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appeared  in  both  the  hot  and  cold PCA  supernatant  with  either method• 
These results clearly indicated that the RNA of cortisone livers had become 
soluble in acid after standing 12 hours at 20°C. in ethanol. 
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TOTAL  MIT  M !  U  S 
CHART i.  Per  cent polymerlzed RNA of rat  liver particulates. 
Table X  summarizes the data on effects of cortisone on liver composition 
but records the alteration per total liver rather than per gram of liver. This 
simplifies  the  comparison  between  the  normal  and  cortisone livers  since  it 
obviates the problem of dilution.  One may make a  number of observations 
from this table. The changes in N  content noted earlier are seen to be largely 
those of concentration  except  in  Mi,  in  which  there  was  an  absolute  de- 342  ALTERATIONS  'INDUCED' IN  LIVER  BY  CORTISONE 
crease. Lipide P decreased by 50 per cent in Mit, while in the U and Nuc frac- 
tions, it rose almost 50 per cent: The total hot TCA-solubte RNA per whole 
liver was not changed by cortisone; however, some decrease of questionable 
statistical significance can be noted in Mit and U. The 15 per cent fall in Mi 
is probably significant and related to a  decrease in the other constituents of 
that  fraction.  The yield  of  total  polymerized RNA  from normal  liver was 
more by the warm than by the cold techniques. In the cortisone livers except 
in the S fraction, there was more polymerized RNA obtained by the cold than 
the  warm  method,  and  the  total  polymerized RNA  (cold) was more  than 
TABLE  XI 
Effect of Cortisone on Milockondrial  Composition 
Type of experiment 
Normal  .................... 
No. of exp  ...............  .. 
Cortisone .................. 
No. of exp  ................ 
Per cent change ............ 
I-  " 
Mitochondrial components 
pg. X  lO-*/cdl 
RNA 
Polym. 
5.684.54'225437.1 
(8)  (8)  (12)  (23) 
3.8610.21 2.58128..5 
(8)  (8)  (7)(12) 
--321--95  +21--23 
1.69 
(4) 
0:81 
(8) 
-52 
..~  ,.g. X  10-6/rM~oc~dri~ 
RNA 
"~  Polym. 
6.80 5.44  834  3.04 
(20) 
278 13.9  0.76  9.28 
(17) 
-67  +204 -86  +305 
o  ~ 
44.5 
103 
-{-231 
o 
.9 
2.03 
2.91 
+143 
was found in normal livers, in fact accounting in all fractions for from 50 to 
90 per cent of all the RNA present. 
The  effect of cortisone on per  cent  polymerized RNA  is  best  illustrated 
in graphic form. In Chart 1, one may observe that conclusions regarding the 
effect of  this  agent upon polymerization depend  upon  the method used  to 
determine RNA.  Cortisone actually seemed to increase the per cent of poly- 
merized RNA  when determination was by  the  cold method in  contrast  to 
results obtained with the warm technique. 
Data obtained from use of a  simple counting procedure demonstrated that 
cortisone decreased mitochondrial numbers in hepatocytes (26).  By the use 
of these data in conjunction with the analyses contained in Tables II, HI, VI, 
and VIII, it is possible to calculate the effect of cortisone on the composition 
of a  statistical mitochondrion. In preparation of Table XI, such a calculation 
has been made. One may observe that after cortisone administration, the total CHARLES  UPTON  LOWE  AND  ROYDEN  N.  RAND  343 
RNA content of each mitochondrion increased considerably, but the largest 
percentage increase was in the polymerized RNA obtained by the cold method. 
The lipide phosphorus changed surprisingly little, while the nitrogen content 
increased almost threefold. 
t 
350. 
e~ ~  t2  t 
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:  ;  I  I  I  I  I  I  I  I  I  I  I  I  I  0,2  0.4  0,6  0.8  1.0  1.2  1.4  1.6  1.8  2.0  2.2  2,4  2.6  2.8  ..3.0 
TIME  IN  HOURS 
CHART 2. Incorporation of pS2 into inorgamc phosphorus of rat liver. 
TABLE XlI 
Incopora2ion of P s* into Rat Liver Inorganic Phosphate* 
Type of experiment 
Normal ........ 
No. of exp... 
Cortisone  ..... 
No. of exp  .... 
Time, hrs. 
359  (4)  (4)  (4)  289  (4)  :(4)22.11  4-  16.41314  4-  24.5]320 
I 
176 (44")26"02504- 13.012634-  16.32464-  5.611684-  4.91354- 4.7 
(4)  t  (4)  (4)  [  (4)  (4) 
* Specific activity: counts/min./~g. P/0.2/~c/gm. animal weight. 
Studies with p3~ were undertaken to obtain information concerning the rate 
of synthesis of RNA as affected by cortisone. It was necessary for interpretation 
of p3~ data  to demonstrate that inorganic phosphate was made available to 
the cell at the same rate in the normal and cortisone animals. For this purpose, 
a  time curve of inorganic phosphorus was prepared,  and  the results are re- 
corded in Table XII and Chart 2.  Since the peaks of the curves occurred at 
almost the same time, and in each instance at a finite time before 1 hour, data 344  ALTERATIONS  INDUCED  IN  LIVER  BY  CORTISONE 
obtained at 1 hour concerning P~ incorporation by RNA in normal and cor- 
tisone  animals  should  be  susceptible  of  simple  mathematical  analysis  and 
comparison. 
The data in Table XIII permit a  comparison between RSA of Mit and Mi 
of normal and cortisone livers. The RNA was prepared by the cold method 
since the warm method provided no RNA in  the Mit fraction. There was a 
significant difference between the RSA of normal Mit and Mi. Furthermore, 
following cortisone administration the RSA of Mit was significantly decreased; 
that  of Mi  was unchanged;  and  that  of S  had increased.  The change in  S, 
TABLE  XlII 
Incorporation of P a, by Nucleic Acids of Rat Liver Cytoplasm 
Alcohol precipitation, 4°C. 
Type of experiment 
Norlnal .............. 
No. of exp  .......... 
p$ ................. 
Cortisone ............. 
No. of exp  .......... 
p§ ................. 
Relative specific activity* 
Mit  Mi 
0.18  =t=  0.05  0.06  4-  0.004 
(8)  (7) 
---- 0.025 
0.10  ±  0.01 
(lO) 
<0.05 
0.06  q-  0.02 
01) 
N.S.I 
0.38  i  0.05 
(8) 
0.32  4- 0.04 
(11) 
N.s.ll 
0.67  .4- 0.07 
(4) 
0.84  4-  0.15 
(7) 
N.S.H 
* Per cent of activity of inorganic P. 
Comparison between values from Mit and Mi of Normal. 
§ Comparison between values from Normal and  Cortisone animals. 
I[ Not  significant. 
however, probably because of the smallness of the sample could not be demon- 
strated to be of statistical significance. 
DISCUSSION 
In considering a given constituent, it is important to distinguish between a 
simple dilution effect and a  true change in the amount per liver. To obviate 
this difficulty Davidson (27) has proposed DNA as a useful internal reference 
standard.  However, it has  recently been shown  (28)  that  one effect of cor- 
tisone on hepatocytes is to alter the concentration of DNA per nucleus. Thus, 
under the  conditions of the present experiments,  the validity of any calcu- 
lation based upon  the assumption  of the  constancy of DNA/nucleus  would 
be in  question.  Therefore, we have chosen to record all  data  as  concentra- 
tions but have provided in Table X  values per liver. 
Differential  Centrifugation.--RNA  assumes  a  characteristic  intracellular 
association with  cell particulates  (14,  29).  It is  normally found in greatest 
amount in  the microsomal  (Mi)  fraction and  in  decreasing amounts in  the CHARLES  UPTON  LOWE  AND  ROYDEN  N.  RAND  345 
mitochondrial  (Mit)  and  ultracentrifugable  (U)  fractions.  The  non-sedi- 
mentable  supernatant  (S)  also  contains  a  small  but  significant  amount  of 
RNA.  Cytoplasmic RNA appears to be heterogeneous in so far as rate of syn- 
thesis (20, 30, 31) and purine to pyrimidine ratio are concerned (32). Further- 
more, it appears to exist both as a  high molecular weight polymer and as a 
much less highly polymerized mixture of polynucleotides. The primary effect 
of cortisone does not appear to be upon the distribution of RNA within the 
cell but rather the physicochemical properties of the RNA. 
Enzymes  thought  to  be  related  to  protein  synthesis  are  associated  with 
the microsomal fraction (33) and it is, therefore, worth noting that the nitrogen 
content of this fraction fell. Since cortisone affects protein  synthesis  (5)  it 
is intriguing to note this effect on microsomes. The protein of the microsomes 
and  probably  that  associated  with  all  particulate  RNA  is  a  phospho-lipo- 
protein-nucleic acid complex (24). The total lipide P was decreased in cortisone 
livers and  the decrease occurred exclusively in the Mit and Mi fractions. It 
appears that the Mi fraction is unique, however, for while it suffered a  loss 
of nitrogenous material,  as did no other fraction,  the ratio of N/Total RN 
and N/Lipide P  remained the same both before and during cortisone adminis- 
tration.  Thus,  the  total  mass  of microsomal material  was  altered  but  the 
composition was  unchanged.  No  such  constancy of composition can be  ob- 
served in other fractions. 
Ratio of Microsomal Components 
Total TCA-soluble  RNA 
Normal ....................... 
Cortisone  ..................... 
Lipide P 
Normal ....................... 
Cortisone  ..................... 
Normal 
2.75 
5.55 
Nitrogen 
Cortisone 
2.66 
5.65 
Polymerization  of  RNA12.--The  warm  alcohol  method  gave  no  yield  of 
polymerized Mit RNA and reduced yield of polymerized Mi RNA from cor- 
tisone livers. On the other hand, when the cold alcohol method was used, both 
Mit  and  Mi  yielded  significant  amounts  of polymerized RNA,  the  results 
resembling those found in normal rats when calculated on a  per gram basis 
(Table VIII). When values of polymerized RNA for the Mit and Mi fractions 
were calculated on a  per liver basis, the cold method yielded amounts of Mit 
RNA well above normal and of Mi RNA about the same as normal (Table X). 
The/act that polymerized RNA could be obtained from these fractions using 
22 The discussion of polymerization  is confined  to the RNA of Mit and Mi since these frac- 
tions contain well over 75 per cent of the total RNA of the cell. 346  ALTERATIONS  INDUCED  IN  LIVER  BY  CORTISONE 
the cold method and not with the warm method suggests that the structure 
or solubility of the nucleic acids had been affected by cortisone. The informa- 
tion  contained  in  Table  IV  concerning  UV-absorbing  material  also  indi- 
cates this. These data demonstrate that RNA from cortisone-treated mito- 
chondria after standing for 12 hours in ethyl alcohol as sodium nucleates was 
no longer  precipitable  from water by 5 per cent TCA. It  is quite possible, 
therefore,  that  a  depolymerase  was  present  in  the  RNA  preparations  ob- 
tained from cortisone rat liver. This idea is supported by the fact that several 
authors have reported that the common methods used for isolation  of RNA 
may isolate  a  ribonuclease  as well (34) and it is known that disruption of 
mitochondria results in an increase in ribonuclease activity (35). The existence 
of increased ribonuclease  activity in cortisone livers would go far to account 
for the phenomena observed  above  (36). Preliminary data  concerning  this 
phenomenon have been  presented (37). Changes with respect  to TCA solu- 
bihty due simply to the opening or closing of phosphate bonds cannot be ex- 
cluded,  however, by the data available. 
None of the above information conclusively indicates that cortisone  pro- 
duced any in vivo  change in the structure of rat hver nucleic acid.  It is im- 
portant at this point, therefore,  to recall the work of Lowe and others (7, 8, 
38) with the histochemical reactions  of cortisone-treated rat liver. This work 
indicates that the usual nucleic acid-staining properties  of rat liver are altered 
by cortisone in a manner suggesting loss of RNA (the staining reactions with 
basic dyes such as toluidine blue or methyl green-pyronine are similar to those 
of normal tissues which have been pretreated with ribonuclease). These histo- 
chemical and biochemical data indicate that some change had occurred in the 
structure of RNA within the cell; whether this is simply one of depolymeri- 
zation remains to be investigated. 
Studies  with p82  contribute  to  an  understanding of the  cortisone  effect. 
It appears  from Table XIII that after cortisone  administration the rate  of 
synthesis of Mit RNA had decreased. The total amount of polymerized  RNA 
(cold  method)  in this fraction, however,  was  significantly  increased  (Table 
X).  Calculation of the Mit-RNA-P  82 pool (Mit RSA  >(  Mit RNA per liver) 
both before  and after cortisone  indicates that these were  nearly the same. 
Hence, using "pool" type of reasoning, one would be led to conclude that there 
was no change in Mit RNA synthesis after 5 days of cortisone administration. 
Examination of the data for Mi would lead  to  the  same  conclusion.  This 
type of reasoning  is  valid,  however,  only if the  type of RNA  synthesized 
after cortisone administration was the same as that made before the hormone 
was given. Since  there is reason to believe that the RNA synthesized under the 
influence of cortisone is different from the normal variant, there is also reason 
to discard a pool type calculation in evaluating the p82 data on Mit RNA. 
How,  then can the total amount of Mit RNA be increased  if the RSA is CHAR]LES  UPTON  LOW'E  AND  ROYDF.N  N.  RAND  347 
decreased? Several explanations are possible. First of all, there may havebeen 
an increase in  the rate of RNA  synthesis at some time earlier than  5  days, 
leading to an accumulation of normal RNA. Secondly, normal RNA may have 
been  made  at  a  normal  rate  and ~simply accumulated  at  an  abnormal  rate 
because factors concerned with degradation were inoperative. Finally, a differ- 
ent or  aberrant RNA with  an RSA similar to  or different from the  normal 
may have been synthesized and accumulated within the cell; this would prc~ 
clude the  employment of  "pool"  reasoning.  A  combination  of  any of  these 
possibilities cannot be excluded. 
If one examines each of these possibilities and attempts to correlate them 
with all the data available, it appears that the most likely explanation is the 
third.  No explanation such as the first or second alone, predicated upon the 
existence of increased amounts of normal RNA in the liver, is possible since 
the RNA present in these cells does not stain normally. Furthermore, although 
the total TCA-extractable RNA of whole cells was not increased by cortisone 
administration, the po]ymerized RNA (cold) increased almost 60 per cent and 
accounted for almost 90 per cent of the total RNA. Hence, in all probability 
some alteration existed in vivo. These data can be interpreted to indicate that 
there  are  at  least  two  structurally  distinct  types  of  polymerized  RNA  in 
the liver. Type 1 stains with basic dyes; it is precipitable out of watery so- 
lutions by alcohol  or TCA  and readily affected by an agent  (an  enzyme ?) 
present in the liver of an animal receiving cortisone.  Type 2  does not  stain 
with basic dyes;18 it accumulates in abundance  u in the liver of cortisone-treated 
animals, and it appears to have a rate of incorporation of ps, which is different 
from that of Type 1. It will be important to isolate these two types of RNA 
and to determine whether there is a  correlation with respect to time between 
the  appearance of Type 2  RNA  and demonstration  of a  "changing factor" 
or enzyme. 
If one assumes from the data presented that cortisone has caused an alter~ 
ation in the structure of RNA; one has a  ready explanation for the cataboIic 
or anti-anabolic effect of this hormone. RNA is thought  to be the  template 
upon  which  amino  acids  condense  to  form new  protein.  If the  template is 
altered,  no new  normal protein ~could be synthesized.  This  reasoning might 
13 Solutions used for histological preparation ~of cortisone liver were examined for UV ab- 
sorption after fixation of liver. There was no evidence that in the process of fixation significant 
amounts of nucleic acid had been solubilized or extracted by these solutions. 
14 If  one compares  the value for total polymerized  RNA (warm method) in the normal, 14.6, 
to the total polymerized  RNA (cold method) in the cortisone liver, 17.2, one observes a strik- 
ing difference. The lower value m the normal (warm method) could not be due to the opera- 
tion of a depolymerase  in the alcohol step since in the normal liver even incubation at 37°C. 
hi sucrose caused no significant fall in this value (Table IX). This of course does not preclude 
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also explain in part  the means whereby cortisone interferes with growth of 
tumor tissue. 
SUMMARY  AND  CONCLUSIONS 
An investigation of the effect of cortisone administration upon the chemical 
composition of intracellular particulates of rat liver has been made. Livers 
were homogenized in 0.25  ~  sucrose solutions and submitted to differential 
centrifugation. Five fractions were prepared: mitochondria (Mit), microsomes 
(Mi), ultracentrifugable (U), non-sedimentable (S), and nuclear (Nuc). Meas- 
urement was made of total and polymerized RNA,  nitrogen, lipide  P,  and 
uptake of p89 by the RNA of each fraction. The following observations were 
made:-- 
Cortisone administration  caused  a  fall in  concentration  in  all  measured 
constituents except glycogen. On a  per liver basis, however, total liver RNA 
was unchanged in amount; nitrogen content of Mi fell and that of S increased; 
the lipide P  of Mit and Mi also decreased. The biochemical composition of a 
statistical mitochondrion was significantly altered; in contrast, the microsomal 
fraction decreased in amount, but the relationship between the chemical con- 
stituents was unchanged. 
When polymerized RNA was sought by a  process involving precipitation 
from ethanol at 20°C., none was found in the Mit of cortisone livers and the 
amount  in Mi  was  much less  than found  in  the  normal.  When,  however, 
precipitation was conducted at 4°C., yields of polymerized RNA in all frac- 
tions after cortisone were equal to or greater than those found in the normal. 
Furthermore, incubation of mixtures of homogenates from normal and  cor- 
tisone livers resulted in loss of warm precipitable RNA. 
These data strongly suggest the presence of an enzyme in cortisone livers 
which upon incubation with normal livers made preparation of polymerized 
RNA virtually impossible by use of the warm method. This agent,  thought 
to operate in vivo and in vitro, was not present in significant amounts in normal 
livers,  since incubation in  this instance had no  effect upon  the amount of 
polymerized RNA. 
Mit from cortisone livers obtained by the cold technique had a significantly 
decreased rate of incorporation of pn even though the yield of RNA from this 
fraction was increased. To reconcile these observations, it was proposed that 
under the influence of cortisone a  variant of normal RNA is synthesized or 
normal RNA is converted to  this variant. This "new"  RNA has new solu- 
bility properties, a new rate of incorporation of P~, and conceivably it cannot 
act as a template for normal protein synthesis. 
It is a pleasure to acknowledge  the assistance of Mrs. Alice Baldo, Mrs. Ethel Evege, and 
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